Efficacy of an intercostal nerve block administered with general anesthesia in elderly patients undergoing distal gastrectomy Abstract Purpose: The purpose of this study was to evaluate the efficacy and safety of administration of an intercostal nerve block (INB) with general anesthesia to elderly patients undergoing a distal gastrectomy.
As the population ages, new advances in anesthesiology and surgery have been developed to address the unique needs of elderly surgery patients [1] . In these patients, postoperative complications occur with higher frequency because of functional decline in the major organ systems and complications due to comorbid diseases. A combinatorial approach, using an epidural with general anesthesia, has been associated with a lower postoperative stress response, a reduction in the use of general anesthesia, a faster postoperative recovery rate, and optimal analgesia [2] . However, insertion of an epidural catheter is a blind technique that may result in nerve damage, infection, bleeding and other complications, thus limiting its clinical application [1] [2] [3] . Intercostal nerve block (INB) has significant advantages as a pain reliever, including the ability to block the production of inflammatory mediators following tissue damage and prevent these chemical mediators from acting on peripheral nerve endings to produce primary and secondary hyperalgesia and the ability to block nociception in the spinal cord [4] .
As an intercostal analgesia, INB offers the additional benefits of optimal analgesia, reduced use of perioperative opioid analgesia, improved lung function and decreased occurrence of central nervous system depression. When combined with general anesthesia, INB can substantially reduce the stress response during surgery [5] . A combinatorial approach with INB and general anesthesia has been used primarily for chest surgery [6] [7] [8] [9] , with only limited use in abdominal surgery. In this study, we improved the efficacy of an intercostal nerve block administered with general anesthesia in elderly patients undergoing distal gastrectomy.
Methods

Participants
The study was reviewed and approved by the Institutional Ethics Committee (Ethics No. ajums.REC.1393.56). All participants, or their legally authorized representatives, provided informed consent. The eligibility criteria for patients included age (65 years or older), weight (> 45 kg), pathologically-proven adenocarcinoma and ASA assessment (level II-III). A total of 240 elderly patients with elective radical gastrectomy were enrolled in the study. The patients were randomly divided into three groups (n = 80): general anesthesia (Group A), combined INB + general anesthesia (Group B), and combined epidural + general anesthesia (Group C). The following exclusion criteria were used: ASA level > III; BMI < 15 kg/m 2 or BMI > 30 kg/ m 2 ; history of allergic reaction to propofol; history of alcohol or narcotic drug addiction; coagulopathy; peripheral neuropathy; or hindrance to communication. In order to provide a self-assessment of pain severity, all patients were instructed on how to use the visual analogue scale (VAS) to assess their pain degree.
Anesthetic techniques
All patients received 0.1 g luminal sodium through intramuscular administration at 30 min before anesthesia. Electrocardiogram (ECG), blood oxygen saturation (SPO2), heart rate (HR), respiratory rate (RR) and bispectral index (BIS) were monitored when patients entered the operating room. Under local anesthesia, a catheter was inserted into the left radial artery to measure mean arterial pressure (MAP). Endotracheal intubation was performed using rapid sequence intubation: 0.04 mg/kg midazolam, 3 μg/kg fentanyl, 0.3 mg/kg etomidate and 0.2 mg/kg cis-atracurium. Group A patients received general anesthesia alone. After endotracheal intubation, the 7 10th pairs of intercostal nerves were blocked in Group B patients through injection of 4.0 ml local anesthetic per block in the mid-axillary line. To accomplish this procedure, patients were positioned with their upper limbs extended. A 22-gauge, short bevel needle was disinfected and inserted at the midaxillary line and lower border of the ribs. After piercing the rib surface, the needle was lifted slightly and shifted along the surface of the ribs toward the lower border. When the needle reached the lower border, it was inserted 0.3 cm more to reach the intercostal space. At this point, the needle should hit a vacuum/void. The syringe was drawn back, and a mixture of 15 ml 2% lidocaine, 10 ml 0.75% ropivacaine, 10 mg dexamethasone (2 ml), and 8 ml saline was injected if there was no blood or air drawn into the syringe barrel. Patients in Group C received an epidural at the T8-9 interspace before anesthesia induction. After successful catheterization, patients received a test dose of 3 ml of 2% lidocaine and were observed for 5 min for depth of anesthesia, respiratory depression and anesthesia toxicity. A second dose of 0.375% ropivacaine (8 ml) was then injected. The depth of anesthesia was assessed after 10 min and patients with a depth of anesthesia above T4 were excluded from the study group.
If patient MAP values decreased more than 20% of the baseline value, or if HR became less than 50, 5 10 mg of ephedrine or 0.5 mg of atropine was given. On the other hand, if patient MAP increased more than 20% of the baseline value, 10 mg of urapidil was given to control blood pressure. Upon closure of the abdomen, 0.05 mg of fentanyl was given, muscle relaxants were stopped, and all anesthetics were stopped upon skin closure. After the surgery, patients were extubated and were allowed to recover in the anesthesia recovery room. Patients were sent back to the ward once they were awake and exhibited stable vital signs.
Monitoring signs
MAP, HR, and C-reactive protein (CRP) levels were monitored at the following time points: 5 min before anesthesia (T0), 5 min after intubation (T1), skin incision (T2), exploration of peritoneal cavity (T3), gastrointestinal anastomosis (T4), end of operation (T5) and 10 min after extubation (T6). Data for the following parameters were recorded for all three groups: the duration of surgery; recovery time (time from the end of surgery to when patients awake/extubation); whether patients were consciously aware during surgery; use of vasoactive drugs; and patient score on the VAS (0 is no pain, 10 is unbearable pain) at 10 min, 30 min and 60 min after surgery.
Statistical analysis
Statistical analysis was done using SPSS for Windows 19.0. All data are presented as mean with the standard deviation (mean ± SD). Group comparisons were done using ANOVA, followed by Student-Newman-Keuls (SNK) method to compare different pairs of means. The Chi Square (X2) test was used for count data. Statistical significance was set at P < 0.05.
Results
No statistically significant differences were detected in age, gender, body weight and surgical duration between the three groups ( Table 1) . Compared with Group A, doses of propofol and remifentanil were reduced in Groups B and C (P < 0.05 and P < 0.01, . Changes in HR in three groups. T0 = before anesthesia, T1 = intubation, T2 = skin incision, T3 = exploration of peritoneal cavity, T4 = gastrointestinal anastomosis, T5 = end of operation, T6 = 10 min after extubation. ＊ P < 0.05 compared to baseline in Group A. ‡ P < 0.05 between Group A and Group B or C; Values are presented as the mean ± SE. Group A, general anesthesia; Group B, general + intercostal nerve block anesthesia; Group C, general + epidural anesthesia respectively). Patients in Group B and Group C recovered significantly faster than Group A (P < 0.05) ( Table 2) . Compared with preoperative respective values, MAP decreased at T1 in all three groups (P < 0.05) and at T2, T4 and T5 in Group C (P < 0.05). MAP was reduced in Group C compared with Group B at T2 and T4 (P < 0.05). MAP was not significantly different between Group A and Group B and between Group B and Group C. Sixteen patients in Group A received urapidil to lower their blood pressure, and 11 patients in Group B and 36 patients in Group C received ephedrine to raise their blood pressure. HR increased at T2, T3, T4, T5 and T6 in Group A compared with value at T0 (P < 0.05). HR increased at T2, T3, T4, T5 and T6 in Group B and Group C compared with Group A, (P < 0.05) (Fig. 1, 2) . CRP levels decreased at T2, T3, T4 and T5 in Group B or C, compared with levels at T0 (P < 0.05). CRP levels at T2, T3, T4 and T5 were reduced in Group B and Group C compared with Group A (P < 0.05) (Fig. 3) .
VAS scores
At 10 min, 30 min and 60 min after surgery VAS scores in Group A patients were higher than those in Group B and Group C (P < 0.01); thus, 73 patients in Group A required analgesia drugs in the recovery room whereas patients in Groups B and C did not. No reports of intraoperative awareness were made in any of the three groups.
Discussion
Detterbeck et al. demonstrated the analgesic effectiveness and improved postoperative recovery of INB during and following chest surgery [12] . No study on the effects of INB on elderly patients undergoing abdominal surgery has been performed. Continuous epidural anesthesia in combination with general anesthesia is recognized as an efficient approach for major abdominal surgery [13] . In this study, we found that epidural anesthesia in combination with general anesthesia provides better postoperative analgesia (in patients undergoing distal gastrectomy) as well. This supports the findings of previous studies [14, 15] .
At the same time, we found that combining INB with general anesthesia could also provide better postoperative analgesia as epidural anesthesia with general anesthesia. INB was found to be as efficient as epidural analgesia for elderly patients undergoing abdominal surgery.
Chen et al. Intercostal nerve block during gastrectomy
Intercostal nerves are the anterior rami of spinal nerves T1-12. After exiting the intervertebral foramen, each pair of intercostal nerves runs anteriorly with intercostal vessels in the subcostal groove along the lower border of the ribs and around the trunk. They branch at the anterior axillary line as a lateral cutaneous branch, or at the sternum as anterior cutaneous branches to innervate the intercostal and abdominal wall muscle and supply the skin. For these reasons, INB can offer optimal analgesia.
The epidural technique is often difficult to perform, and the success of entry into the epidural space is lower in elderly patients than in other populations [16] . In addition, side effects and complications, such as a substantial perioperative drop in blood pressure, occur frequently [17, 18] . In the present study, hypotension occurred in more patients who received combined epidural and general anesthesia than those who received combined INB with general anesthesia. This suggests that INB might have more stable hemodynamics and be safer than epidural analgesia.
There are currently no uniform standards for assessing intensity of the stress response, other than measuring changes in stress hormones and immune factors as an overall evaluation. Changes in serum CRP and other cytokines are not only directly stimulated by stress factors, but they are also affected by the neuroendocrine system. As a result, changes in serum CRP levels are delayed but may provide an overall reflection of the intensity of the stress response [19] . Here, we utilized changes of serum CRP levels to assess the intensity of the stress response in elderly stomach cancer patients. The results of our study showed that combined epidural anesthesia or INB with general anesthesia noticeably reduced the stress response of elderly patients during surgery. On the other hand, general anesthesia could not completely eliminate the patient stress response, similar to the results observed by Fares et al. [20] .
Despite the beneficial findings of our study, there are some limitations. First, the widespread use of ultrasound in the field of anesthesia has enabled more accurate positioning in INB, achieving greater anesthetic efficacy. Second, we only observed short-term postoperative VAS scores. In addition, serum CRP was used to assess stress responses. In future studies, additional markers will be chosen to further assess effects of INB on stress responses. In conclusion, combined intercostal nerve block with general anesthesia demonstrated stable hemodynamics, reduced anesthetic consumption and reduced the postoperative stress response.
